1. Background {#sec0005}
=============

Respiratory tract infections are frequently seen in children and a significant number of these infections are caused by viral pathogens [@bib0005], [@bib0010]. Especially for infants, viral respiratory infections carry a high risk for severe symptoms resulting in hospitalization. There is a strong correlation between viral bronchiolitis in infants and wheezing later in childhood [@bib0015]. However, most children show mild symptoms during viral respiratory infections involving only the nose and upper respiratory passages. Moreover, clinically useful antivirals do not exist for most such viruses and it is thought that for viral respiratory infections it is not necessary to examine the pathogen.

Recently, nucleic acid amplification tests such as PCR are increasingly being used to diagnose viral respiratory tract infections. Several studies have shown that most common respiratory viruses have epidemic seasons in many areas [@bib0020], [@bib0035]. PCR makes it possible to detect uncultivable viruses such as human bocavirus and rhinovirus C and discover concurrent viral infections. However, the clinical importance of these findings with regard to symptoms is not known. Some reports indicate that human "classical" subtypes of coronavirus, OC43, NL63, 229E and HKU-1, have low impacts on respiratory health [@bib0040], [@bib0045].

2. Objectives {#sec0010}
=============

In this study, separate real-time PCR assays were used to detect 16 respiratory viruses in nasal aspirates taken from pediatric patients and we investigated the seasonal fluctuations of the respiratory viruses. We also compared the clinical outcomes such as wheezing, the need for oxygenation and prolonged hospitalization, for patients with single and multiple viral infections.

3. Study design {#sec0015}
===============

3.1. Patients and samples {#sec0020}
-------------------------

From week seventeen 2013 to week sixteen 2014, nasal aspirate samples were obtained from outpatients and inpatients of a children's hospital. Their symptoms were systematically recorded by the attending physicians. Written informed consent was obtained from the parents. Of the 513 samples obtained, 1 specimen was excluded because of withdrawal of approval.

The median age of the patients was 1y (range 0--14 years). Age groups were: 0 year 35.9% (*n*  = 184), 1 year 32.4% (*n*  = 166), 2 years 11.9% (*n*  = 61), 3years 7.2% (*n*  = 37), 4 years 5.6% (*n*  = 30), and ≥5 years 6.8% (*n*  = 35). The proportion of females was 41.4%.

3.2. Molecular analysis {#sec0025}
-----------------------

Each sample was amplified using primers and probes specific for each of the targets as previously described [@bib0050]. Briefly, nucleic acids were extracted from 200 μL specimens using the Magtration System with a MagDEA viral DNA/RNA 200 kit (Precision System Science Co., Ltd., Chiba, Japan) with a 50 μL elution volume. RT reactions were performed using a ReverTra Ace qPCR RT kit (Toyobo Co., Ltd., Osaka, Japan) following the manufacturer's instructions. The cDNA was then amplified using Realtime PCR Master Mix (Toyobo) with a total volume of 25 μL. The sensitivity of each of the real-time PCR methods was reported previously [@bib0050]. Enteroviruses and rhinoviruses were genotyped by direct sequencing. Amplification of the VP4/VP2 region of the enterovirus or rhinovirus for typing was performed with semi-nested RT-PCR as previously described [@bib0055]. The purified PCR products were subjected to direct sequencing with a BigDye Terminator v1.1 kit as per the manufacturer's instructions (Applied Biosystems, CA, USA). Sequence analysis was performed using the DNADynamo program (Blue Tractor Software, UK). Using MEGA5.2 (Tamura et al., 2011, Ver5.2.2), we employed the neighbor-joining method [@bib0060] to construct phylogenetic trees from the VP4/VP2 region (420 nt) sequences of prototype isolates of each rhinovirus type commonly used in epidemiologic studies of human rhinoviruses retrieved from GenBank [@bib0065], [@bib0070], [@bib0075] and new types proposed previously [@bib0065], [@bib0080], [@bib0085]. Genotypes were assigned on the basis of their clustering with known prototype reference strains.

3.3. Statistics {#sec0030}
---------------

The Kruskal--Wallis test, Mann--Whitney U-test and Fisher's exact test were used for comparisons. For all analyses, a *p*-value of less than 0.05 was considered significant. Statistical analysis was performed using SPSS v16.0 (SPSS Inc., Tokyo, Japan).

4. Results {#sec0035}
==========

4.1. Real-time PCR detection {#sec0040}
----------------------------

Among the 512 specimens analyzed, one or more viruses were detected in 424 (83%) specimens ([Table 1](#tbl0005){ref-type="table"} ). Two or more viruses were detected in 160 samples (31% of all samples). Only one specimen included 5 distinct viruses (human metapneumovirus, Coxsackievirus type B5, rhinovirus C, bocavirus and influenza virus type A).Table 1The monthly variation of viruses detected in nasal aspirates during the study period.Virus[a](#tblfn0005){ref-type="table-fn"}MonthTotal2013-AprilMayJuneJulyAugustSeptemberOctoberNovemberDecember2014-JanuaryFebruaryMarchApril*n* (%)Parainfluenzavirus 1004421301000116 (3.1)Parainfluenzavirus 200010000000001 (0.2)Parainfluenzavirus 35179620000000241 (8.0)Parainfluenzavirus 4001382000000014 (2.7)RSvirus233336875028252 (10.2)human Metapneumovirus341520000114211768 (13.3)Enterovirus/Rhinovirus627212413151922205131618219 (42.8)human Bocavirus420941001102101264 (12.5)human Parechovirus020233332010019 (3.7)Adenovirus2151064259103461086 (16.8)human Coronavirus OC4311300000110108 (1.6)human Coronavirus NL6301000000001518 (1.6)human Coronavirus 229E00110000001014 (0.8)human Coronavirus HKU-101001000221108 (1.6)Influenza virus type A010000010252011 (2.1)Influenza virus type B011000001021612 (2.3)  Total positive viruses23936359392938434314467170631  Enterovirus031135432120025 (4.9)Rhinovirus A61572071095942118113 (22.1)Rhinovirus B01200010101118 (1.6)Rhinovirus C07733051490941071 (13.9)EV/RV Untyped02401001000008 (1.6)Samples with 1 virus331222415172821168211927262 (51.2)Samples with 2 viruses722171083571136811118 (23.0)Samples with 3 or more viruses262532032048744 (8.6)Total samples15694546322638373620385555512 (100)[^1][^2]

Rhinoviruses were found most often (*n*  = 192, 37.5% of all samples and 45.3% of positive samples) followed by adenoviruses (*n*  = 86, 16.8% of all samples) and human metapneumovirus (*n*  = 68, 13.3%).

4.2. Seasonal distribution {#sec0045}
--------------------------

Influenza virus types A and B were detected in the winter and human metapneumovirus was detected during the spring months. Human bocavirus and parainfluenza virus type 3 were found during the spring and early summer. Parainfluenza virus type 1 and parechovirus were detected mainly in the summer. The detection of RS virus increased in the autumn.

Genetically conserved regions of both enteroviruses and rhinoviruses were detected by real-time PCR all year round with a high proportion of positive samples. Genotyping revealed the presence of enteroviruses in the summer and a decrease in rhinovirus A in the winter. On the other hand, rhinovirus C was detected in the winter months. Adenoviruses were detected mainly in the summer and winter ([Fig. 1](#fig0005){ref-type="fig"} ).Fig. 1Monthly prevalences of detection of 19 respiratory viruses/serotypes by real-time PCR assay from week 17, 2013 to week 16, 2014. (percent positive).Note that the scale on the vertical axis differs between viruses.PIV, parainfluenza viruses; RS virus, respiratory syncytial virus; hMPV, human metapneumovirus; AdV, adenovirus; hPeV, human parechovirus, Flu A and B, influenzavirus type A and type B;CoV, coronavirus; hBoV, human bocavirus; RVA, rhinovirus A; RVB, rhinovirus B; RVC, rhinovirus C.

4.3. Multiple infections {#sec0050}
------------------------

Next, we evaluated the prevalence of multiple infections by the viruses. For the human bocavirus, parechovirus and rhinoviruses A and C, the rates of coinfection were high compared with other respiratory viruses. Rhinoviruses were the most frequently detected viruses and their coinfection rates were also higher than those of the other viruses. Therefore, we compared the clinical symptoms caused by five types of viruses, adenoviruses, human bocavirus, RS virus, parainfluenza virus type 3, and human metapneumovirus, which were detected most often after rhinoviruses, and rhinovirus single infections and symptoms in cases with dual infections including rhinoviruses.

There was no significant difference between the number of days of hospitalization caused by rhinoviruses and the other five viruses. The number of days in the hospital of patients in whom RS virus was detected was longer than that of patients infected with human metapneumovirus ([Table 2](#tbl0010){ref-type="table"} ).Table 2Asymptotic *p*-values of duration of hospitalization caused by single infection with each of six viruses.PIV3RSVhMPVhBoVAdVRVNo. of single detections (% of total)15 (36.6)26 (50)37 (54.4)12 (18.8)24 (27.9)98 (49.0)Duration of hospitalization, median number of days8977.57.58PIV30.3100.5760.9010.9300.864RSV**0.048**[\*](#tblfn0010){ref-type="table-fn"}0.4080.6180.150hMPV0.6610.4400.599hBoV0.7470.961AdV0.685[^3][^4]

For the five viruses discussed above, we compared the number of hospitalization days of the cases with single infections by the each 5 viruses with those having dual infections with a rhinovirus and those with dual infection with a virus other than a rhinovirus. The number of days of hospitalization of the children with parainfluenza virus type 3 infection alone was shorter than for children with paranfluenza virus and rhinovirus dual infection. On the other hand, children with infection by human metapneumovirus alone spent fewer days in the hospital than those with dual infections by human metapneumovirus and a respiratory virus other than a rhinovirus ([Table 3](#tbl0015){ref-type="table"} ).Table 3Comparison of single and dual infections with and without rhinoviruses by duration of hospitalization.PIV3RSVhMPVhBoVAdTotal number of detections4152686486No. of single detections (% of total)15 (36.6)26 (50)37 (54.4)12 (18.8)24 (27.9)Duration of hospitalization, median no. of days8977.57.5Dual detection with rhinovirus: No. (%)6 (14.6)10 (19.2)7 (10.3)8 (12.5)18 (20.9)Duration of hospitalization, median no. of days12877.59asymptotic significance (2-tailed)**0.030**[\*](#tblfn0015){ref-type="table-fn"}0.8860.7420.9070.099Dual detection with other respi. Virus: No. (%)11 (26.8)9 (17.3)8 (11.8)21 (32.8)19 (22.1)Duration of hospitalization, median no. of days891099asymptotic significance (2-tailed)0.2130.338**0.009**[\*](#tblfn0015){ref-type="table-fn"}0.3840.094Dual detection with rhinovirus vs. dual detection with other respiratory virus0.2450.4320.1440.4310.939Asymptotic significance (2-tailed)[^5][^6]

We next compared the requirement for oxygenation and the presence of wheezing of the children with single infections and dual infections with a rhinovirus or other respiratory virus. The patients with dual infections with an adenovirus and rhinovirus needed significantly more oxygenation than those with an adenovirus infection or dual infection with an adenovirus and other respiratory virus. However, the severity of the lower respiratory tract disease for which the requirement of oxygenation was assumed and the presence of wheezing as an index did not differ among most respiratory viral infections, regardless of whether they were single infections or dual ones with a rhinovirus and other respiratory virus ([Table 4](#tbl0020){ref-type="table"} ).Table 4Correlations between coinfection with a rhinovirus or other respiratory virus and wheezing and oxygen treatment.Outcome of interestFactorsWheezingOxgen*p*-valuesOR95% CI*p*-valuesOR95% CIPIV3RV coinfection[b](#tblfn0025){ref-type="table-fn"}1.00001.250.10--15.110.11968.000.96--66.95other virus coinfection[c](#tblfn0030){ref-type="table-fn"}0.40650.440.08--2.550.40652.290.39--13.33RV coinfection vs. other virus coinfection0.60002.860.24--33.900.33483.500.43--28.45  RSVRV coinfection1.00000.860.17--4.280.11865.140.71--37.15other virus coinfection0.69360.740.14--3.780.09466.000.81--44.35RV coinfection vs. other virus coinfection1.00001.170.17--8.091.00000.860.12--5.94  hMPVRV coinfection0.67460.640.12--3.320.59342.070.32--13.25other virus coinfection1.00001.440.25--8.220.32623.100.58--16.59RV coinfection vs. other virus coinfection0.60840.440.05--3.981.00000.670.08--5.88  BoVRV coinfection1.00001.190.19--7.461.00001.200.19--7.77other virus coinfection0.43342.290.50--10.500.69050.630.13--2.99RV coinfection vs. other virus coinfection0.64600.520.09--2.990.64601.920.33--11.03  AdVRV coinfection0.10383.570.81--15.71**0.0114**[a](#tblfn0020){ref-type="table-fn"}**5.971.52--23.43**other virus coinfection0.19912.680.68--10.530.49471.750.44--6.98RV coinfection vs. other virus coinfection1.00001.330.25--7.010.10313.400.88--13.19  RVA vs. RVB[d](#tblfn0035){ref-type="table-fn"}0.62580.580.07--4.431.00000.450.02--9.02RVA vs. RVC0.66331.280.54--3.050.46261.490.56--3.95RVB vs. RVC0.58682.230.28--17.610.55883.290.16--65.92[^7][^8][^9][^10]

5. Discussion {#sec0055}
=============

In this study, separate real-time PCR assays were used to detect 12 RNA viruses and two DNA viruses, and real-time reverse transcription (RT) PCR was used to detect influenza viruses A and B. Of the 512 samples analyzed, 424 were positive 1 virus or more. The overall viral detection rate was 83%, which was much higher than in similar past reports [@bib0025], [@bib0030], [@bib0035], [@bib0090]. The reason may be that our method had many detection targets. Furthermore, the higher detection rates among young children likely correspond to the higher incidence of viral respiratory tract infections in children, although other factors such as pre-existing immunity might also have played a role [@bib0020]. Since the specimens from children aged 1 year or younger accounted for 68% of those studied, it is considered that the rate of viral detection and the rate of concurrent infections became higher than in past reference data. The largest number of viruses detected in one sample was 5 in the nasal aspirate from a 9-month-old girl. When comparing the number of viruses detected per specimen, it was found that the specimens from younger patients tended to include more than one virus (data not shown).

Seasonal distribution was seen for each virus. The epidemic peak of each virus was about the same as in another report from Japan [@bib0095]. Seasonal influenza virus type A migrates globally between epidemics and is reintroduced every winter season in temperate climates [@bib0100], although the underlying cause of the seasonality of the other respiratory viruses remains unknown. It has been suggested that rhinovirus infections could reduce subsequent RS virus and influenza virus type A infections by inducing an interferon response, thereby creating an undesirable environment for these viruses [@bib0105], [@bib0110]. In this study, the peaks for the various viral epidemics did not coincide. Thus, it is thought that some kind of interference by viruses may influence epidemics of respiratory viruses.

In this study, human rhinoviruses were the most common viruses. Rhinoviruses are thought to be mainly associated with the common cold, causing mild respiratory symptoms [@bib0115]. These viruses are classified into three species and divided into more than 160 serotypes or genotypes. Thus they are among the mostly commonly detected viruses in respiratory specimens of children [@bib0050]. However, recent reports suggest that rhinovirus infections may induce and/or exacerbate asthma and be responsible for lower respiratory tract infections with severe symptoms [@bib0120], [@bib0125].

Based on the sequence data, rhinovirus C was detected mainly in the winter, whereas rhinovirus A was detected all year round, with a high proportion of positive samples in June (44% of the samples). Although rhinovirus B was detected, its seasonality was not clear. However, it became clear that there was a difference in the epidemic seasons of rhinoviruses A and C. Furthermore, the detected rhinoviruses consisted of 32 genotypes of group A, 5 genotypes of group B and 21 genotypes of group C, suggesting that multiple genotypes were brought into the area and that epidemics of some of them might occur at the same time (Supplementary Table 1). Rhinovirus A consists of 80 serotypes and B consists of 32 types, including genotypes, and there are now 55 rhinovirus C genotypes proposed [@bib0085]. It is not clear whether the genotypes of the rhinoviruses detected in this study cause severe illness.

We also compared the clinical symptoms of single infections and dual infections by rhinoviruses and other respiratory viruses of the children infected by one of the five most commonly detected respiratory viruses. The results revealed that there were no significant differences in the number of days of hospitalization, the necessity for oxygen inhalation or the existence of wheezing between the children with single infections and those with dual infections. In former reports that evaluated the impacts of rhinoviruses on lower respiratory infections, there were only marginal differences between the different rhinovirus groups and between single rhinovirus infection and rhinovirus coinfection [@bib0130], [@bib0135]. Though there was no significant difference in the number of hospitalization days of patients with single infections by rhinoviruses or other respiratory viruses, our data suggested the importance of rhinoviruses as a potential cause of pediatric pneumonia. Recently, our group evaluated the prevalence of rhinovirus infections among asymptomatic children [@bib0050]. Rhinoviruses were often detected in their throats at a time without any symptoms. Since rhinoviruses do not exist in the upper respiratory tract for a long time even if a child does not show symptoms, these were "active" asymptomatic infections rather than persistent infections.

In conclusion, rhinoviruses are causative agents of various conditions ranging from asymptomatic infection to lower respiratory tract infection and pneumonia. Rhinovirus coinfection with other respiratory viruses is not responsible for more severe symptoms, so it is hypothesized that the factors related to disease severity are mainly the underlying conditions of the children.
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[^1]: RS virus, respiratory syncytial virus.

[^2]: Multiple viruses included.

[^3]: Mann--Whitney U test. asymptotic significance (2-tailed).

[^4]: *p* \< 0.05. No other significant between-group differences.

[^5]: Mann--Whitney U test.

[^6]: *p* \< 0.05. No other significant between-group differences.

[^7]: *p* \< 0.05. No other significant between-group differences.

[^8]: single infection vs. dual infection with a rhinovirus (RV).

[^9]: single infection vs. dual infection with respiratory viruses other than rhinoviruses.

[^10]: comparison of clinical severity of single infections by rhinoviral genogroups.
